Modulation of a neuron's responses by the stimuli presented outside of its 10 classical receptive field is ubiquitous in the visual system. This "surround mod-11 ulation" mechanism is believed to be critical for efficient processing and leads to 12 many well-known perceptual effects. The details of surround modulation, how-13 ever, are still not fully understood. One of the open questions is related to the 14 differences in surround modulation mechanisms in different cortical areas, and 15 their interactions. Here we study patterns of surround modulation in primary vi-16 sual cortex (V1) and middle temporal complex (hMT+) utilizing a well-studied 17 effect in motion perception, where human observers' ability to discriminate the 18 drift direction of a grating improves as its size gets bigger if the grating has a 19 low contrast, and deteriorates if it has a high contrast. We first replicated the 20 findings in the literature with a behavioral experiment using small and large 21 (1.06 and 8.05 degrees of visual angle) drifting gratings with either low (2%) or 22 high (99%) contrast presented at the periphery. Next, using functional MRI, 23
5.56; p < 0.001; M =0.003, SEM = 0.0006). Also, two-tailed paired-samples Student's 141 t-tests showed that SI was significantly higher for low-contrast stimuli compared to 142 that for high-contrast stimuli (t(10) = 6.97; p < 0.001). These results clearly replicate 143 the size-contrast interaction in motion perception when stimuli is presented at the 144 periphery. For lowcontrast stimuli, discrimination threshold decreases as size gets bigger. On the contrary, for high-contrast stimuli, discrimination threshold increases as size gets bigger. Right plot shows mean size indices (SIs) for 2% and 99% contrast levels. SI is defined as the difference in sensitivity (1 / threshold) between large and small Gabor patches. For low-contrast stimuli, SI is positive which indicates that sensitivity increases as size gets bigger, i.e. spatial facilitation. On the contrary, for high-contrast stimuli, sensitivity decreases as size gets bigger, i.e. spatial suppression. These results replicate the size-contrast interaction in motion perception when stimuli is presented at the periphery. Error bars represent ±SEM. (*p < 0.001).
anatomical sequence (TR: 2600 ms, spatial resolution: 1 mm 3 isotropic, number of 165 slices: 176). Functional images were acquired with a T2*-weighted gradient-recalled 
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In this experiment, we recorded and analyzed BOLD responses in hMT+ and V1 while 260 the observers viewed peripherally presented drifting Gabor patches. We compared the 261 magnitudes of BOLD responses between small and large Gabors at two contrast levels 262 within predefined ROIs that correspond to the location and size of small stimuli (i.e.
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"center"). Because our goal here is to measure the modulatory effect of surround 264 stimulation on the responses of the neurons whose classical RF centers are inside the 265 visual space that correspond to the small Gabor patch. BOLD response differences 266 evoked by presenting the large and small-sized stimuli would highlight the suppressive 267 or facilitative influence of the surround on the center. To further investigate the patterns of results, we computed size indices (SIs), defined 279 as the difference between the BOLD responses to large and small Gabors (see Meth-280 ods). Figure 4 shows individual SI values for all participants, as well as the mean 281 SI. We found that SI was significantly different (greater) than zero at low contrast 282 (M SI = 0.486, SEM = 0.110; one-sample t-test, t(5) = 4.42, p = 0.007). On the other 283 hand, the SI at high contrast was not significantly different than zero (M SI = 0.063, 284 SEM = 0.066; one-sample t-test, t(5) = 0.95, p = 0.385). Furthermore, based on the 285 results in literature (Turkozer et al., 2016; Schallmo et al., 2018) , we expected a larger 286 SI for low contrast compared to high contrast. Indeed, paired sample t-test results 287 revealed that the SIs were statistically significantly different, the SI for low-contrast 288 being greater than that for the high-contrast (t(5) = 3.20, p = 0.024). 
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We next analyzed how the size and contrast of stimuli affect BOLD responses within 291 the V1 ROI. Figure 3 (right plot) shows the responses for each condition. Results 292 showed that BOLD responses increased significantly with size both at high and low 293 contrast conditions. Critically, this increase was greater when the stimuli had high 294 contrast compared to low contrast. This pattern was inconsistent with the perceptual 295 effect, and surprisingly it was different than the pattern observed in hMT+. We contrast (F(1,5) = 17.96, p = 0.008).
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As we did for the hMT+ data, here too we performed further analyses on SIs. Figure   302 4 shows SIs plotted for individual participants, as well as the group mean. At low 303 contrast, group mean of SI was significantly greater than zero (M SI = 0.425, SEM 304 = 0.143; one sample t-test, t(5)= 2.98, p = 0.031). Average SI value was positive at 305 high contrast, as well (M SI = 1.596, SEM = 0.178; one sample t-test, t(5) = 8.98, 306 p < 0.001). Furthermore, we performed paired-sample t-test, and found that the SI
